We found that (NO) and (aqua)ruthenium salen complexes are ef cient catalysts for the asymmetric aerobic oxygen atom transfer reactions such as epoxidation and sulfoxidation at ambient temperature. (NO) ruthenium salen complexes 2 and 3 could catalyze oxidation of sul des and the epoxidation of conjugated ole ns with good to high enantioselectivity using dioxygen as oxidant, albeit under visible light irradiation, respectively. On the other hand, (aqua)ruthenium salen complex 5 was found to catalyze highly enantioselective epoxidation in air even without irradiation. Although the mechanism of this ruthenium catalyzed aerobic oxidation has not been completely elucidated, water that is bound to the ruthenium ion has been considered to play a critical role in proton coupled electron transfer, a key step for oxygen activation, and to be regenerated via oxo hydroxo tautomerization. We also found that (di μ hydroxo)iron salan complexes catalyzes asymmetric dehydrogenative oxidation reactions such as 2 naphthol coupling, alcohol oxidation, and dearomatization, using air as oxidant.
Introduction
Various and multiple oxygen functionalities such as hydroxy, sulfoxide, and epoxy groups are widely found in many natural products, biologically activity of which is highly dependent on the location and the stereochemistry of the functionalities. Thus, much effort has been directed toward developing highly enantioselective and ef cient methods for oxidative functionalization (oxygen atom transfer reaction) such as hydroxylation, epoxidation, sulfoxidation, dihydroxylation, and aminohydroxylation using oxidants suitable for respective reactions have been established. 1 On the other hand, enzyme catalyzed oxidation reactions generally proceed at body temperature with complete or almost complete stereoselectivity and are ecologically benign because of the use of dioxygen in air. 2 Moreover, dioxygen in air is ubiquitous and abundant. However, dioxygen does not react with organic substrates under mild conditions. Therefore, to explore the possibility of highly enantioselective aerobic oxygen atom transfer reactions, the mechanisms of biological oxidation reactions have been extensively studied and some of the mechanisms, for example, that of cytochrome P 450 catalyzed oxidation, have been well elucidated: dioxygen is reductively activated by two electrons and two protons supplied through complicated electron and proton transfer systems, via i) single electron transfer (SET), ii) proton coupled electron transfer (PCET), and iii) water elimination, to an active oxo species and the subsequent oxidation of substrate (i.e. reduction of oxo species) regenerates the resting state enzyme (Scheme 1). 2, 3 In this oxygen activation process, water is produced as a by product. Although biological oxygen atom transfer reactions have many advantages, their catalytic cycles include mechanistically complicated oxygen activation that needs proton and electron transfer systems. Thus, to exploit these advantages, new strategy, so called shunt path, has been proposed as a way to circumvent this biological oxidation activation system (Scheme 1). 3 Groves et al. reported asymmetric epoxidation using an iron porphyrin complex, a model of the resting state enzyme, as catalyst, which is oxidized with iodosobenzene to the oxo species and undergo epoxidation. 4 Later, they further reported that dioxo ruthenium(VI) porphyrin complex catalyzes epoxidation using 1 atom of dioxygen as oxidant at room temperature. 5 Although the resulting oxo ruthenium(IV) species can not be reoxidized by dioxygen to the starting dioxo ruthenium(VI) species, it undergoes disproportionation to give the ruthenium(VI) and ruthenium(II) species, the latter of which can be reoxidized by dioxygen to the ruthenium(IV) species, thus completing the catalytic cycle for aerobic epoxidation. Moreover, Che et al. reported asymmetric version of this epoxidation, albeit under 8 atm of O 2 atmosphere. 6 In 1993, Mukaiyama and co workers reported that enantioselective aerobic epoxidation and sulfoxidation can be achieved at room temperature using aldehyde as a sacri cial reductant, instead of biological electron and proton transfer system, in the presence of chiral manganese salen or β ketoiminato manganese complex. 7 Costas and Beller reported iron catalyzed epoxidation using dioxygen and 2 oxo cyclopentanecarboxylate (sacri cial reductant) at room temperature, though non enantioselective. 8 Sharpless asymmetric dihydroxylation is a highly practical method and potassium ferricyanide is usually used as the stoichiometric oxidant. 1c,9 Beller et al. have reported that dioxygen can be used at 50
as the terminal oxidant of this dihydroxylation.
10 Air can also be used as oxidant at 20 bar and 50 .
10b Developing an enantioselective oxygen atom transfer reaction using air at room temperature still remains a challenging task in organic synthesis. Since 1999, we have been engaged in the research on asymmetric oxidation using air as terminal oxidant. In this account article, we describe asymmetric oxidation reactions with air, mainly focusing on our achievements.
Ru catalyzed Asymmetric Aerobic Alcohol Oxidation and its Mechanism A Clue to Oxygen Atom Transfer Reaction
While studying the epoxidation of racemic (E) 4 phenylbut 3 en 2 ol with (ON)ruthenium salen complex 3 in the presence of tetramethylpyrazine N,N dioxide under irradiation, it was found that 3 catalyzes secondary alcohol oxidation in air at room temperature in an enantiomer differentiating manner. Finally, complex 1 was found to be a catalyst of choice for oxidative kinetic resolution of secondary alcohols using air as oxidant: activated and non activated alcohols were oxidized under this condition and the k rel values ranged from 11 to 20 (Scheme 2, eq. 1).
11a This is the rst example of asymmetric alcohol oxidation using air as oxidant. 12 Ru salen catalyzed alcohol oxidation could also be successfully applied to asymmetric desymmetrization of meso diols, but the catalyst suitable for the desymmetrization was not complex 1 but complex 2 and its derivatives (Scheme 2, eq. 2).
11c, d These results prompted us to investigate the mechanism of this aerobic alcohol oxidation. Kinetics study indicated that the rate of the oxidation was rst order dependent on catalyst, substrate, and dioxygen concentrations, suggesting that SET from ruthenium complex to dioxygen is the rate determining step. On the other hand, kinetic isotope effect experiments suggested that hydrogen atom transfer is included in this oxidation cycle but is not the rate determining step. Based on these data, we proposed the mechanism described in Scheme 2 for this aerobic oxidation. After SET, the resulting superoxo species B 13 distributes a radical majorly on the phenolic oxygen atom and intramolecularly abstracts α hydrogen atom, but the radical is distributed on an alcohol oxygen atom, when substrate is a diol, and the α hydrogen atom is abstracted by a superoxide species. Thus, the conformation of alcohol ligand at the transition state should be restricted in the intramolecular hydrogen atom transfer, while the conformation of diol ligand is not very restricted. The apical methyl group on the cyclohexane moiety of 2 is considered to contribute to the regulation of the diol ligand. This explains why 2 is a better catalyst for the desymmetrization than 1. Irradiation is required for the dissociation of nitrosyl group to give an alcohol bound ruthenium species A 11d,e and to promote SET. These oxidation reactions are dehydrogenative oxidation and do not need proton and electron transfer systems.
However, as described in Scheme 1, a superoxo species in biological oxygen atom transfer reaction is converted, via PCET, 2,3 to a hydroperoxo species, which is in turn converted by supply of another proton to an active oxo species and undergoes an oxygen atom transfer reaction. Thus, we expected that, if proton exists in the vicinity of the superoxide ligand, the superoxo species would be converted to a hydroperoxo species.
14 Acidity of water or alcohol is increased by their coordination to metal ion, 15 and an (aqua)metal or (alcohol)metal complex might serve as a catalyst for oxygen atom activation. We further expected that a strong nucleophile might attack the hydroperoxo species to give the oxidation product and a hydroxo species, 16 and the resulting hydroxo species would undergo oxo hydroxo tautomerization 14,17 to generate water (or alcohol) and an oxo species that undergoes the second oxidation. The oxidation of substrate is the reduction of metal ion. Thus, proton and electron supplies should not be required for this aerobic oxidation that was attained by modifying the mechanism of biological one oxygen atom transfer reaction (Scheme 3).
Preliminary Experiments on Asymmetric Oxygen Atom Transfer Reaction Asymmetric Sulfoxidation and Some More Mechanistic Insights
With this expectation, we examined the oxidation of methyl phenyl sul de and 2 chlorophenyl methyl sul de under alcohol oxidation conditions and could obtain the sulfoxides with good enantioselectivity of 76% and 88% ees, albeit in low yields (2.5% and 9%), respectively (Scheme 4). 18 Although alcohol oxidation competes with this sulfoxidation, hydrogen bond formation between alkoxo and hydroperoxo ligands is considered to deteriorate the reactivity of hydroperoxo species D. However, if the apical ligand of A is water (R H), hydrogen bond is formed between the hydroxo group and the distal oxygen of hydroperoxo group in E, so as to activate the hydro- peroxo species to react with nucleophiles (see the following paragraph). 19 As discussed in the preceding section, the resulting alkoxo(hydroxo) or dihydroxo species undergoes oxo hydroxo tautomerization 17 to give an oxo species and oxidizes one more substrate, completing the catalytic cycle. Alkoxide or hydroxide exchange and coordination/dissociation of water or alcohol occur and, e.g., apical and equatorial species (G a and G e ) might be in equilibrium.
The coordination sphere of the seven coordinated ruthenium intermediate such as D should be very crowded, but the reaction of bulkier chlorophenyl methyl sul de gave nearly four times yield than that of methyl phenyl sul de. This suggested that complex 1 might suffer product inhibition. Since the elementary analysis of 1 20 indicated that it contains water, we examined the oxidation of chlorophenyl methyl sul de in the absence of alcohol to circumvent the competitive alcohol oxidation and obtained a better yield, albeit with slightly reduced enantioselectivity. This suggests that an alkoxo group or alcohol is incorporated in active intermediates, as described in Scheme 3.
(ON)Ru salen catalyzed Asymmetric Sulfoxidation Using Dioxygen as Oxidant under Irradiation
Based on the results of the preliminary study, we tried to optimize the sulfoxidation using 2 chlorophenyl methyl sul de as a test substrate in the presence water (20 equiv. to 1) under air ( Table 1 ). The reactions in chloroform, toluene, and acetone were low yielding, though moderately enantioselective (entries 1 3). Yield and enantioselectivity were somewhat improved by using ethyl acetate as the solvent (entry 4). Moderate yield was obtained by increasing reaction time and substrate concentration (entry 5). We next examined the reaction with complex 2, 11d which has a crowded reaction site and was expected to suppress the undesired product inhibition, as the catalyst. Although the yield was not improved, high enantioselectivity (93% ee) was observed (entry 6). Eventually, almost complete conversion was achieved by extending the reaction time to 72 h or performing the reaction under oxygen atmosphere (entries 7 and 8).
Under the optimized conditions using dioxygen as oxidant, oxidation of aryl methyl sul des except for mesityl methyl sulde proceeded with good to high enantioselectivity (84 96% ee) (Scheme 5). Oxidations of mesityl methyl sul de and benzyl methyl sul de were slow and moderately enantioselective (72% and 75% ee), respectively. 1,3 Dithianes were good substrates for this oxidation and showed excellent diastereo and enantioselectivities. Moreover, it is noteworthy that no overoxidation [sulfoxide oxidation or disulfoxide formation] was observed in this aerobic oxidation.
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Scheme 4. The preliminary invastigation of asymmetric aerobic sulfoxidation using 1 as the catalyst. 
(ON)Ru salen catalyzed Asymmetric Epoxidation Using Dioxygen as Oxidant under Irradiation
Encouraged by the above results, we further examined epoxidation of ole ns, which are less nucleophilic than sul des. The epoxidation of trans β methylstyrene was examined using (ON)Ru salen complexes 1 3 as the catalyst in chloroform at room temperature in the presence of water (20 equiv. to catalyst) under dioxygen and irradiation (Table 2, entries 1 3). Complex 1 catalyzed the epoxidation with modest yield and enantioselectivity (entry 1). Complex 2 showed excellent enantioselectivity, but its catalytic activity was poor (entry 2). Complex 3, which is a diastereomer of complex 1, showed high enantioselectivity of 90% ee and exhibited better catalytic activity than 1 (entry 3). Thus, the epoxidation was next optimized against solvent with complex 3 as the catalyst (entries 3 7). Although the reaction in chloroform showed the highest enantioselectivity, that in chlorobenzene gave twice better yield, albeit with a slightly lower enantioselectivity of 86% ee (entry 7). As the prepared (ON)Ru salen complexes contain ca. 1 equiv. of water, 20 the reaction without adding water was found to proceed with almost identical yield and enantioselectivity (entry 8). No reaction was observed under N 2 atmosphere or light shielding conditions (entries 9 and 10).
Thus, we examined the epoxidation of conjugated ole ns using 3 as catalyst in chlorobenzene without adding water under irradiation (Scheme 6). E and Z disubstituted and trisubstituted ole ns are good substrates for this epoxidation and their reactions proceeded with good to high enantioselectivity (77 92% ees). The sense of asymmetric induction was dependent on the ole nic substitution pattern: E and Z disubstituted ole ns showed the same sense, while trisubstituted ole n showed the reversed sense. (ON)Ruthenium salen complexes show Lewis acid property, when irradiated, and decomposes acid sensitive epoxides to ketones.
22b,c The major enantiomer of the epoxidation product is preferentially decomposed and the ee of the product decreases, as the reaction proceeds.
22c In the epoxidation of 1 methyl 4 (trans 1 propenyl)benzene, ketone formation was detected, albeit slowly, and the ee of the epoxide was gradually diminished. It is noteworthy that this ruthenium catalyzed epoxidation is stereospeci c. The reaction of cis β methylstyrene gave exclusively the cis β methylstyrene oxide and no formation of the trans epoxide was detected.
22,23

Validation of the Working Hypothesis for Aerobic
Oxidation and its Revision
As described in Scheme 1, PCET is a critical step for oxygen activation in biological oxidation and we assumed that an acidic metal bound water would serve as a proton source for PCET. Complex 3 prepared according to the reported procedure 20 contains a water molecule. To explore the feasibility of our assumption, we completely dehydrated 3 in vacuo at ca. 380
and examined the epoxidation with the dried 3 in two ways, under anhydrous and hydrous conditions (Scheme 7). The epoxidation of trans β methylstyrene with dried 3 under anhydrous conditions was sluggish and low enantioselective, while the enantioselectivity and the yield of the epoxidation could be restored to 83% ee and 40% by adding water (20 equiv. to dried 3), suggesting that metal bound water plays a key role in the oxygen activation step.
We next examined the epoxidation of trans β methylstyrene using 18 O 2 as the oxidant or H 2 18 O as the proton source. In the oxidation under 18 O 2 , the 18 O content of the epoxide was increased from 76 to 82% with the reaction time (Table 3 ). This result suggests that most of the incorporated oxygen atom O and an active species can occur also in the rst oxygen atom transfer step. One possible explanation of the result is the participation of an oxygen atom transfer process via a dioxo species H (Scheme 9).
Asymmetric Epoxidation of Conjugated Ole ns Using Air as Oxidant Without Irradiation
As described above, we have achieved that asymmetric sulde oxidation and ole n epoxidation using dioxygen as the terminal oxidant at room temperature and 1 atmospheric pressure under irradiation and proposed a possible mechanism for these asymmetric oxygen atom transfer reactions, based on several kinetics studies. However, we had thought that photo irradiation accelerated not only the nitrosyl ligand dissociation but also SET from ruthenium ion to dioxygen.
11d However, during the continuing study on aerobic alcohol oxidation, we happened to nd that complex 1 showed asymmetric catalysis of aerobic alcohol oxidation in the dark, once it was exposed to visible light in air for 4 h and dried in vacuo (this process was repeated 6 times) (Scheme 10). We inferred that an (aqua) ruthenium salen complex was formed from 1 in the above process and electron transfer was accelerated by hydrogen bonding. 25 Although the catalytic activity of the (aqua)ruthenium salen complex was somewhat low compared with 1, we were intrigued by its aerobic epoxidation catalysis.
Thus, we prepared (aqua)ruthenium complex 4 by two methods, methods A and B (Scheme 11). 26 Complex 4 obtained by both methods gave identical MS spectra and showed almost identical enantioselectivity (87% ee) for epoxidation of trans β methylstyrene in the dark (Table 4 , entry 1). 27 However, complex 4, especially one prepared by method A, is unstable and the yield was modest. To enhance the durability of (aqua) ruthenium salen complex, we synthesized complex 5, which has a robust salen ligand, 28 by method B. The epoxidation with 5 as the catalyst gave much improved yield, without diminishing enantioselectivity (entry 2). Addition of brine further improved the yield to 99% (entry 3). Brine is considered to stabilize hydroperoxo intermediate E and/or F (Scheme 3), though the mechanism of this effect is unclear. 29 Signi cantly, the reaction under air also proceeded at room temperature without affecting enantioselectivity (entry 4). Although the reaction became somewhat slower, good yield of 91% was obtained by extending reaction time. The reaction with dioxygen proceeded at 0 with higher enantioselectivity of 91% ee, though the reaction was slow (entry 5). Reaction did not proceed in the presence of molecular sieves, suggesting that the presence of water is essential also for this epoxidation (entry 6).
With these results in hand, we further examined asymmetric aerobic epoxidation of other conjugated ole ns under air (Scheme 12). The epoxidation of cis β methylstyrene proceeded with high enantioselectivity (93% ee) in a stereospeci c manner. The reaction of trans α, β dimethylstyrene showed Scheme 10. Asymmetric alcohol oxidation using pre irradiated complex 1 in the dark. a good enantioselectivity; however, ketone formation was observed upon the extension of reaction time and the yield was gradually decreased. Fortunately, the ketone formation was suppressed at 0 and use of dioxygen completed the reaction with a better enantioselectivity of 84% ee. The reaction of β,β dimethylstyrene with air at room temperature was slow and moderately enantioselective (76% ee). Although the yield was not improved, the reaction with dioxygen at 0 increased the enantioselectivity to 80% ee. We next examined the effect of the location and the electronic nature of the aryl substituent of trans β methylstyrene derivatives on the enantioselectivity. The reaction of trans 1 (p methylphenyl) 1 propene proceeded with 65% yield and 77% ee in air at room temperature with the formation of small amount of ketone. The yield and enantioselectivity were somewhat improved by using dioxygen at 0 . In contrast, the epoxidation of m methyl derivative with air proceeded at room temperature with high enantioselectivity and yield. On the other hand, the epoxidation of the o methylated derivative showed modest enantioselectivity even at 0 . Thus, we further surveyed the epoxidation of p and m substitutedderivatives. Both the epoxidation of p chloro and bromo derivatives showed moderate enantioselectivity (75% ee) under O 2 at 0 . The epoxidation of p methoxy derivative showed better enantioselectivity (81% ee) at 0 , but the ketone formation occurred at the temperature and the yield was modest. The reactions of m substituted derivatives proceeded in air with good to high yields and high enantioselectivity. The reaction of m methoxy derivative also showed high enantioselectivity and no ketone formation was observed even at room temperature. In addition, the reaction of trans 1 (2 naphthyl) 1 propene under air at room temperature was highly enantioselective and high yielding. It is noteworthy that the epoxidation of cis β ethylstyrene proceeded in dioxygen at room temperature with high enantioselectivity (80% ee), while the epoxidation of trans β ethylstyrene was slow and modestly enantioselective. As expected from the mechanisms of the reactions under photo irradiation and non irradiation, both the reactions show similar enantioselectivity, but the control of reaction conditions, especially temperature control, is easier under non irradiation conditions.
Iron catalyzed Asymmetric Oxidation Using Air as Oxidant
Iron is abundant and less toxic and air is ubiquitous and abundant. Many oxidizing enzymes carry iron ion at their active site and use dioxygen in air as oxidant. 2 Thus, asymmetric oxidation using iron complex as catalyst has been attracting a growing interest, 4,30 but iron catalyzed asymmetric aerobic oxidation has been rarely investigated. 31 
Asymmetric Homo coupling of 3 Substituted
2 Naphthols In 2009, we found that (di μ hydroxo)iron salan complexes catalyzed asymmetric oxidative coupling of 2 naphthols using air as oxidant at 60 . 32 In particular, coupling of 3 substituted 2 naphthols was catalyzed by complex 6 in a highly enantioselective manner to give 3,3 disubstituted BINOL (Scheme 13), which have been widely used to construct chiral auxiliaries due to its high asymmetry inducing ability.
Asymmetric Cross coupling of Two Different 2 Naphthols
Asymmetric oxidative coupling between two 2 naphthols usually gives three coupling products, two homo coupling and one cross coupling products. We also examined the coupling of two different naphthols and obtained three coupling products, though slightly cross selective (Scheme 14). 33a This result suggested the following three aspects: i) Cross coupling preferentially occurs, ii) coupling between electron richer 2 naphthol is three times faster than that between electron poorer 2 naphthol, iii) C3 substituent of 2 naphthol plays an important role in asymmetry determining step. To understand these aspects, we studied about the mechanism. Enantiomeric excesses of catalyst and coupling product showed a linear relationship. Although complex 6 is a di μ hydroxo dimer, this result suggested that the dimer dissociates into a monomeric species and catalyzes coupling. Kinetics study of the coupling of 2 naphthol indicated that the reaction is rst order dependent on 2 naphthol and dioxygen concentrations, respectively. These results suggested that the di μ hydroxo dimer reacted 2 naphthol to give a monomeric species that carries a naphthoxo ligand and the monomeric species undergoes SET, which is the rate determining step of this coupling reaction. Based on these results, we proposed the catalytic cycle for iron catalyzed oxidative coupling of 2 naphthols (Scheme 15). Although dimer 6 is rapid equilibrated with monomeric I and I , monomeric I that has an electron donating group should be more easily oxidized than I that has an electron withdrawing group. The oxidation (i.e. SET) generates a radical cationic species (J and J rc ) and the anionic counterpart for the coupling is favored. 2 Naphthol (7 w ) bearing an electron withdrawing group is more acidic and more dissociable to the naphthoxide anion and proton than 7 D . Thus, cross coupling occurs in preference to homo coupling in the reaction between electron rich and de cient 2 naphthols. On the other hand, the SET is the rate determining step and monomeric I and I should be isolable. Indeed, monomeric 3 bromonaphthoxo iron complex was isolated at 0 as a single crystal. The X ray crystallographic analysis indicated that C3 substituent in the 2 naphthoxo ligand gives a strong in uence on the ligand conformation (Figure 1 ). The observations and consideration explain the above described three aspects of the cross coupling reaction. Moreover, it was expected that a combination of 3 substituted 2 naphthol and a quite electron de cient 2 naphthol would preferentially give cross coupling product in a highly enantioselective manner. Thus, we explored the possibility of highly cross and enantio selective oxidative coupling between 3 substituted 2 naphthols and electron de cient 2 naphthols that carry ester, carbonyl, and nitrile groups at C6 (Table 5 ). All the examined reactions showed good to high cross selectivity as well as high enantioselectivity, and only two products, major cross coupling product and one minor homo coupling products of 3 substituted 2 naphthol, were formed.
Aerobic Oxidative Kinetic Resolution of Secondary Alcohols
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Iron catalyzed coupling reaction proceeds via radical cation intermediate (Scheme 15, J and J rc ) and it is likely that radical is also distributed on the naphthoxy oxygen atom. If a secondary alcohol is coordinated to the O radical intermediate (J OC ), intramolecular hydrogen atom abstraction was expected to occur to give the ketone (Scheme 16). In deed, alcohol oxidation proceeded in an enantiomer differentiating manner, 35 but the BINOL formation competed. Thus, we explored a naphthol derivative, which cannot undergo coupling reaction, but is oxidized to a radical cation species, and found that kinetic resolution of secondary alcohols with air as oxidant successfully proceeded in the presence of 1 naphthol (Table 6 ). 36 
Asymmetric Aerobic Oxidative Dearomatization of
Hydroxyaromatic Compounds 37 The above described oxidative coupling reactions of 2 naphthols occur between a radical cation intermediate (J rc ) and a naphthoxide anion, both of which are generated in situ. Thus, we expected that, if a nucleophilic carbanion is generated in situ, the anion would attack radical cation intermediate (J rc ) to give the dearomatized product with construction of an all carbon quaternary center. The pK a of 2 naphthol is 17. 1 (in DMSO) and those of nitroalkanes are ca. 17 . This suggested that nitroalkanes can be converted into the anions. Thus, we examined the asymmetric dearomatization of 2 naphthols in the presence of nitroalkanes, and the best results were obtained when the reactions were performed in 9:1 toluene/nitroalkane at 60 (Table 7) .
Conclusion
In summary, we have developed asymmetric oxidation (dehydrogenation and oxygen atom transfer) reactions using air as oxidant. Inspired by the reported mechanism of cytochrome P 450 catalyzed biological oxidation, we could develop asymmetric oxygen atom transfer reactions, sulfoxidation and epoxidation, using (ON)ruthenium salen complexes 2 and 3 (under irradiation) and (aqua)ruthenium salen complex 5 (for epoxidation without irradiation) as catalyst, with air as the oxidant. Although the P 450 catalyzed biological oxidation needs a protons and electrons transfer system for oxygen activation and generates water as a co product, this ruthenium catalyzed oxidation uses the water as a proton source and substrate oxidation, which is a reduction of metal ion and takes place twice, for the electron supply. Thus, this aerobic oxidation proceeds without any proton and electron supply. We also developed iron salan catalyzed aerobic oxidation reactions at 50 60 , which proceed through a unique radical anion mechanism. By taking good use of the mechanism, asymmetric homo and cross coupling of 2 naphthols, kinetic resolution of secondary alcohols, and asymmetric dearomatization of hydroxyaromatic compounds was developed using air as the oxidant. Table 7 . Asymmetric aerobic oxidative oxidative dearomatization using nitroalkanes as nucleophiles.
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